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Description 

This invention relates to an apparatus for measur- 
ing gamma ray spectra in cased borehole. 

Proposals to use induced gamma ray spectroscopy 
for detecting the carbon/oxygen ratio in a well borehole 
date back several decades. Commercial operations in 
this field began in the mid-1 970's. The primary applica- 
tions today remain the cased hole determination of oil 
saturation in reservoirs of low or unknown water salinity. 
Recent efforts have expanded the use of the technique 
to geochemical analysis in open hole. Unfortunately, the 
intrinsic dynamic range of the carbon/oxygen ratio 
measurement is small. This requires very high statistical 
precision for reasonable oil saturation uncertainty. Until 
recently, the technique has been very slow and often 
required stationary measurements. This was in part be- 
cause of the small intrinsic dynamic range of the carbon 
oxygen ratio, but also because the detectors used in well 
logging instruments had significant limitations. 

Over the past decade or so, several new high den- 
sity scintillators have become available which can pro- 
vide improved gamma ray detection capability. Newer 
carbon/oxygen and geochemical logging tools can use 
these new high density scintillators. One of these mate- 
rials is bismuth germanate (BGO). The merit of the high 
density scintillator relative to conventional sodium io- 
dide detectors (previously used in induced gamma ray 
spectrometers) is that it provides substantially better de- 
tection efficiency. That is, a larger fraction of the total 
gamma ray flux is in the full energy or first escape peak. 
Less gamma ray energy is disposed in the structureless 
Compton scattered low energy tail, in the more dense 
bismuth germanate detectors relative to sodium iodide. 

In US-A-4766543 there is disclosed a generalized 
computer-based system and method for acquisition of 
nuclear well logging data, including downhole genera- 
tion of energy and time spectral information. A downhole 
instrument traverses a borehole introducing high energy 
neutrons into the formation at prescribed depths. Re- 
sultant gamma rays are detected and converted into 
pulses which are amplified and conditioned. 

A downhole multi-parameter analyzer stores pulse 
height and arrival time for each detected gamma ray 
whereby time and energy spectra are formed. Spectra 
include, alone or in combination, time spectra of the neu- 
tron source, inelastic and capture energy spectra. From 
the source time spectra, peaks are detected and capture 
and inelastic gates referenced thereto. Also thermal 
neutron decay between source bursts is derived. From 
the energy spectra peaks including hydrogen or iron are 
detected and used for calibration and automatic gain 
control of the gamma ray detector 

High speed buffer means and direct memory ac- 
cess enables access to memory by both the multi-pa- 
rameter analyzer and CPU so as to avoid inhibiting data 
acquisition during processing of the acquired spectra by 
the CPU. Parameters including pulse discrimination lev- 



el, detector gain, and gate positioning affecting the 
spectra generated downhole, which may simultaneous- 
ly include inelastic, capture, and time distribution spec- 
tra, are variable in the analyzer by means of CPU control 
5 functions. 

In US-A-3767921 there is disclosed a method and 
apparatus for gamma ray spectroscopy well logging 
systems including a closed loop linearity control feature. 
A borehole tool provides gamma ray pulse data. The 
gamma ray counts in at least two portions of the gamma 
ray energy spectrum chosen so that their ratio remains 
relatively constant under usual borehole conditions are 
monitored. An error signal is developed if the ratio of 
gamma ray counts in the monitored portions of the en- 
ergy spectrum deviate significantly from the constant ra- 
tio. The error signal is used to control the power supply 
voltage for the borehole tool and/or the surface amplifi- 
cation of the gamma ray pulse signals to preserve sys- 
tem linearity. 

We have now devised an improved apparatus for 
downhole gamma ray logging which cannot only utilise 
the more dense detectors, but also uses a unique gain 
stabilization system to achieve more accurate energy 
representation of the detected gamma rays by more pre- 
cisely controlling the system gain. 

According to the invention, there is provided appa- 
ratus for measuring gamma ray spectra in cased well 
boreholes, which apparatus comprises: 

a) an electronic source of monoenergetic fast neu- 
trons for emission in pulses to penetrate borehole 
fluid casing and its cement sheath and enter the 
earth formations in the vicinity of the borehole, to 
be moderated to thermal energy and captured by 
the nuclei of elements in and about the borehole; 

b) a high density scintillation detector optically cou- 
pled to a photomultiplier for detecting gamma radi- 
ation induced by said neutrons and to produce out- 
put electrical pulses having a height representative 
of the energy of a gamma ray impinging on said high 
density scintillator; 

c) pulse height analyzer means connected to the 
output of said scintillation detector and said photo- 
multiplier for separating the gamma ray energy 
spectrum of impinging gamma rays into energy 
components and for making counts of said energy 
components as a function of energy; 

d) timing means for generating time gates to time 
separate fast neutron induced gamma rays, thermal 
neutron capture gamma rays, and background 
gamma rays prior to their presentation to said pulse 
height analyzer; and 

e) gain control means utilizing the iron edge of the 
thermal neutron capture gamma ray spectrum for 
gain stabilizing said photomultiplier output, the gain 
value thus established being applied to all inelastic 
capture and background spectra measured. 
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The induced gamma ray spectrometry tool of the 
present invention uses a monoenergetic, preferably 14 
MeV, source to irradiate earth formations in the vicinity 
of the borehole with 14 MeV neutrons. Time gates are 
provided to detect both capture gamma ray spectra and 
an inelastic scattering gamma ray spectrum. A bismuth 
germanate (BGO) detector is preferably used in the sys- 
tem of the present invention. Output pulses from the 
photomultiplier tube which is optically coupled to the 
BGO detector are supplied to a pulse height analyzer, 
having 256 channel of energy resolution. A portion of 
the measured capture gamma ray spectrum itself, em- 
ploying the iron edge, is used to gain stabilize pulse 
height analyzer circuitry thereby making it extremely 
stable. 

The downhole measured pulse height spectra are 
accumulated in a downhole memory which is part of the 
pulse height analyzer and are telemetered to the surface 
via a digital telemetry system at regular intervals. A sur- 
face computer then is programmed to analyze the spec- 
tra and to record various quantities of interest, such as 
the carbon/oxygen ratio; the silicon to calcium ratio; and 
other parameters of interest in neutron induced gamma 
ray spectroscopy logging. 

In order that the invention may be more fully under- 
stood, reference is made to the accompanying draw- 
ings, in which: 

Fig. 1 is a schematic diagram illustrating a well log- 
ging system, in accordance with concepts of the 
present invention, disposed in a well borehole; 
Fig. 2A is a timing diagram showing the timing of a 
short spaced burst subsequence for both the neu- 
tron source and detector when used in accordance 
with concepts of the present invention; 
Fig. 2B is a timing diagram showing the timing sub- 
sequence for a slow or long spaced neutron burst 
subsequence for both the neutron source and the 
detector when used in accordance with concepts of 
the present invention; 

Fig. 3 is a diagram illustrating an inelastic gamma 
ray spectrum taken with an instrument according to 
the concepts of the present invention; and 
Fig. 4 is a schematic diagram illustrating a capture 
gamma ray spectrum taken according to the con- 
cepts of the present invention and showing gain sta- 
bilization of energy windows. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring initially to Fig. 1, a well logging system in 
accordance with concepts of the present invention is il- 
lustrated in a very highly schematic manner in a cased 
well borehole. A well borehole 10 lined with a steel cas- 
ing 30 and filled with a borehole fluid 1 1 penetrates earth 
formations 17, 18, 19 and 20. A well logging cable 12, 
which is of the usual armored multiconductor cable type, 
supports in the borehole 10, a well logging sonde 21 for 



making neutron induced gamma ray spectral measure- 
ments in accordance with the concepts of the present 
invention. The well logging cable 12 passes over a 
sheave wheel 13 which maybe electrically or mechani- 
5 cally coupled, as indicated by a dotted line 1 4, to a spec- 
tral analysis computer 15 and a data recorder 16. The 
spectral analysis computer 15 may comprise, for exam- 
ple, any suitably programmed general purpose compu- 
ter capable of receiving signals from the downhole 
equipment. The recorder 1 6 may comprise a strip chart 
recorder, as indicated having a record medium 17, or 
may comprise a digital tape or a disk file memory as de- 
sired. 

The downhole sonde 21 comprises a power supply 
portion 22, a timing circuit portion 23, a telemetry portion 
24, a gain stabilizer portion 25, a pulse height analyzer 
portion 26, a detector portion 27, a source portion 28, 
and a high voltage power supply portion 29. In opera- 
tion, the power supply portion 22 takes electrical power 
from one or more of the conductors of logging cable 1 2 
and converts it to appropriate voltage and current levels 
for supplying internal circuits of the downhole sonde 21 
with electrical power as required. The timing circuits, as 
will be discussed in more detail subsequently in con- 
junction, with Figure 2, provide timing pulses for opening 
and closing various data gates and thereby operating 
various detection schemes according to the concepts of 
the invention. The telemetry circuitry 24 is a convention- 
al digital telemetry system capable of communicating to 
and from the surface supplied equipment at a rate of 50 
kilobits/sec. 

The gain stabilizer circuit 25, which will be de- . 
scribed in more detail subsequently, operates in con- 
junction with the pulse height analyzer 26. The analyzer 
26 receives signals from the detector portion of the tool 
27. The detector signals are representative of gamma 
rays impinging upon the detector and which have been 
induced by a neutron bombardment from a neutron 
source 28 which is supplied for its operation by approx- 
imately 1 00 kilovolt high voltage power supply 29 or from 
a background gamma ray source. 

Figure 2, comprising a fast timing subycycle shown 
as Figu re 2a and a slower timing subcycle shown as Fig- 
ure 2b, illustrates the timing applied to both the neutron 
source 28 and the detector circuits 26,27 in the present 
invention. Referring initially to Figure 2b, a timing cycle 
of 5 milliseconds in duration and repeated 50 times/sec. 
is illustrated. The neutron source 28 is turned on for a 
very short 1 4 MEV neutron pulse having a time duration 
of approximately 15 microseconds at the beginning of 
this 5 millisecond duration sub-cycle. 

During the 1985 microseconds after the neutron 
source is turned off, a plurality of time gates are opened 
to measure the thermal neutron population die-away as 
a function of time. Up to six, eight or even more gates 
maybe used as desired according to known techniques 
such as that of U.S. Patent 4,424,444. Using this tech- 
nique the borehole and formation thermal neutron cap- 
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ture cross-sections are measured. Thus the die-away of 
thermal neutrons produced by the moderation of the fast 
neutrons emitted by the neutron source 28 are detected 
for the first two milliseconds of this 5 millisecond subcy- 
cle. For the remaining 3 milliseconds of the subcycle s 
portion of Figure 2b, then, the detector 27 is used to de- 
tect background gamma radiation due to naturally oc- 
curring gamma rays in the earth formations surrounding 
the well bore. All measurements may thus be corrected 
for background based on this background measurement 
by subtraction of the appropriately scaled count rate. 

During the fast pulse portion of the timing diagram 
illustrated in Figure 2a, it may be observed that the neu- 
tron source is pulsed on for fifteen microsecond duration 
pulses (indicated as NB in the timing diagram). In Figure 
2a, while the neutron bursts starting at time T = zero and 
T = 1 00 microseconds are taking place an inelastic scat- 
tering gamma ray time gate is opened allowing pulses 
from the detector 27 occurring during the neutron burst 
to be gated to the pulse height analyzer circuitry 26. At 
the close of the neutron burst, the detector 27 is gated 
off for approximately 5 microseconds. This allow ther- 
malization of the fast neutrons. Then a first capture gam- 
ma ray time gate having a duration of thirty -five from 20 
to 55 microseconds) is opened. A second capture gam- 
ma ray time gate having a duration of thirty-five micro- 
seconds (from 55 to 90 microseconds) is opened there- 
after. These gates are labelled respectively CG1 and 
CG2 in Figure 2a. The entire short or fast pulse cycle is 
then repeated beginning at the time labelled 100 micro- 
seconds of Figure 2a and the neutron source and de- 
tector timing are repeated as previously described for 
the next 100 microseconds. The entire sequence which 
is illustrated in Figure 2a is repeated for a period of 1 500 
microseconds. The short or fast pulse subintervals of 
1 00 microseconds duration are time interlocked with the 
longer 5 millisecond intervals illustrated in Figure 2B. 
Timing pulses suitable for this purpose are produced in 
Timing Circuit section 23 of Figure 1 . 

Referring now to Figure 3, an inelastic gamma ray 
energy spectrum which comprises gamma ray pulses 
detected during the gates labelled IG (inelastic gamma 
rays) in Figure 2a and supplied to the pulse height an- 
alyzer 26 during this time when the neutron bursts are 
on is shown schematically. It will be observed that in the 
inelastic gamma ray spectrum that inelastic scattering 
peaks attributable to carbon, oxygen, silicon and calci- 
um appear in the inelastic gamma ray spectrum. The 
inelastic spectrum of course is caused by a fast neutron 
scattering from the nucleus of an element in the vicinity 
of the borehole and exciting these nuclei to higher en- 
ergy levels thereby losing some of fine energy of the 
scattered neutrons (ie. scattering with energy loss). The 
excited nuclei returning to the ground state emit gamma 
rays characteristic of each of the nuclear species. En- 
ergy windows labelled C, O, Ca, Si are shown in the 
spectrum of Figure 3 for the carbon, oxygen, silicon and 
calcium inelastic scattering energy peaks. 



Referring now to Figure 4, a capture gamma ray 
spectrum is shown schematically. The capture gamma 
ray spectrum is taken in gates labelled CG1 and CG2 
in Figure 2a. This spectrum is attributable to the emis- 
sion of gamma rays by the decay to the ground state of 
nuclei which have been excited by the capture of ther- 
malized neutrons. As it takes perhaps several microsec- 
onds for all of the neutrons to become thermalized fol- 
lowing the emission of a fast neutron burst from the 
source 28 of the instrument 21 shown in Figure 1, the 
waiting period of 5 microseconds between the end of 
the neutron burst to the beginning of the capture gamma 
ray gates illustrated in Figure 2a allows for thermaliza- 
tion of the fast 14 MeV neutrons emitted by the source 
28 to achieve a thermal neutron population. 

Referring again to Figure 4, it will be seen that the 
iron peak (labelled Fe in Figure 4) occurs at an energy 
of 7.65 MeV. Energy windows labelled W1 and W2 are 
positioned to straddle the Fe peak and are used for sys- 
tem gain control purposes. The iron peak will of course 
always be present in a cased well borehole in which the 
pulsed spectral gamma ray tool according to the con- 
cepts of the present invention is deployed. 

The iron edge is always a prominent feature in 
cased well borehole spectrum, because the casing and 
the tool housing both contain iron. The iron peak is lo- 
cated at 7.65 MeV and is discernable, but not very prom- 
inent, in the capture gamma ray spectrum of Figure 4. 
This peak becomes less prominent if chlorine infested 
or salt water is present in the earth formations surround- 
ing the borehole. However, all of the capture gamma ray 
spectra show a precipitous drop at energies just above 
the iron 7.65 MeV line. Thus, two equal width adjacent 
windows labelled W1 and W2 spanning this edge are 
indicated in Figure 4. Equality of width of these energy 
windows is not a critical requirement but is only made 
for convenience. 

A spectral procedure for gain stabilization is based 
upon the count rates in the energy windows labelled W1 
and W2. This procedure which is implemented in a mi- 
croprocessor program in gain stabilizer 25 adjusts the 
photomultiplier high voltage (contained in detector 27) 
to maintain the ratio of counts in the energy window la- 
belled W1 to that in energy window labelled W2 equal 
to the integer two. Again, this value of 2.0 is not partic- 
ularly necessary as any value in the range from two to 
three would probably work just as well. It is merely con- 
venient to use. Thus, the gain of the photomultiplier por- 
tion of detector 27 is increased whenever the ratio be- 
comes greater than 2.0 and the gain of the photomulti- 
plier is decreased whenever the ratio becomes less than 
2.0. This places the juncture of the two windows near 
the upper count rate portion of the iron (Fe) edge. Be- 
cause there are two gain settings where the window ra- 
tio will be 2, a start up procedure is required to assume 
selection of the correct gain value. This is accomplished 
by raising the photomultiplier gain until the count rate in 
the upper window W2 exceeds a predetermined mini- 
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mum value prior to beginning the gain stabilization proc- 
ess as previously described. 

Laboratory and field experience have demonstrat- 
ed the utility and reliability of this technique of gain sta- 
bilization. Important and innovative features of this gain 
stabilization are that no isotopic source is required which 
would contribute a background to the primary measure- 
ment. Also, the stabilization is made on a feature of a 
capture gamma ray spectrum which is always present 
and which is unperturbed by formation matrix composi- 
tion or borehole or formation fluid composition. Finally, 
stabilization of the pulse height analyzer spectral gain 
on a high energy feature of the spectrum renders the 
spectrum much less sensitive to zero offset. 

It should also be noted that while the preferred em- 
bodiment previously described varies the high voltage 
on the photomultiplier tube itself inorder to effect gain 
stabilization, that this stabilization technique could 
equally well be applied to a variable gain amplifier which 
would come subsequent to the photomultiplier tube in 
the electronic circuitry comprising the detector 27 por- 
tion of the sonde 21 of Figure 1 . 



Claims 

1. Apparatus for measuring gamma ray spectra in 
cased well borehole, which apparatus comprises: 

a) an electronic source (28) of monoenergetic 
fast neutrons for emission in pulses to pene- 
trate borehole fluid (11 ), casing (30) and its ce- 
ment sheath and enter the earth formations in 
the vicinity of the borehole, to be moderated to 
thermal energy and captured by the nuclei of 
elements in and about the borehole; 

b) a high density scintillation detector (27), op- 
tically coupled to a photomultiplier for detecting 
gamma radiation induced by said neutrons and 
to produce output electrical pulses having a 
height representative of the energy of a gamma 
ray impinging on said high density scintillator; 

c) pulse height analyzer means (26) connected 
to the output of said scintillation detector and 
said photomultiplier for separating the gamma 
ray energy spectrum of impinging gamma rays 
into energy components and for making counts 
of said energy components as a function of en- 
ergy; 

d) timing means (23) for generating time gates 
to time separate fast neutron induced gamma 
rays, thermal neutron capture gamma rays, and 
background gamma rays prior to their presen- 
tation to said pulse height analyzer; and 

e) gain control means (25) utilizing the iron 
edge of the thermal neutron capture gamma ray 
spectrum for gain stabilizing said photomultipli- 
er output, the gain value thus established being 



applied to all inelastic capture and background 
spectra measured. 

2. Apparatus according to Claim 1, including means 
5 for producing gamma ray energy spectra of inelastic 

scattering induced gamma radiation during said 
pulses of fast neutrons. 

3. Apparatus according to Claim 2, wherein said pro- 
10 ducing means is arranged to divide inelastic gamma 

ray spectra into energy components representative 
of inelastic gamma radiation produced by carbon, 
oxygen, silicon and calcium. 

is 4. Apparatus according to Claim 3, wherein thermal 
neutron capture gamma ray spectra of gamma ra- 
diation induced by the capture of thermalized fast 
neutrons are detected during the quiescent interval 
between said neutron pulses. 

20 

5. Apparatus according to Claim 4, wherein said ther- 
mal neutron capture gamma ray spectra are divided 
into energy components representative of capture 
gamma rays from hydrogen, silicon, calcium, chlo- 

25 rine, potassium, sulfur, titanium and iron. 

6. Apparatus according to Claim 5, wherein said gain 
control means (25) comprises a microprocessor 
programmed to control the gain of said photomulti- 

30 plier based on a ratio of count rates in two energy 
windows straddling the 7.65 MEV iron (Fe) peak. 

7. Apparatus according to Claim 6, wherein said mi- 
croprocessor is programmed to maintain said count 

35 rate ratio in said two energy windows straddling the 
7.65 MEV iron peak as a predetermined constant. 

8. Apparatus according to any of Claims 1 to 7, further 
including: 

40 

f) means for generating time gates during the 
quiescent period between neutron bursts in a 
sequence of at least four such gates, to gener- 
ate a sequence of count rates representative of 

45 the die away of the population of thermal neu- 

trons produced by said fast neutron pulses, 
said apparatus preferably also including: 

g) means for generating time gates during the 
quiescent period between neutron bursts, and 

50 separate from said sequence of at least four 

such gates, to generate a count rate represent- 
ative of the background gamma ray count rate 
in the well borehole. 

55 9. Apparatus according to Claim 8, wherein the inelas- 
tic gamma ray spectra, the capture gamma ray 
spectra and the thermal neutron die away time gate 
count rates are corrected for background by count 
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rates measured in step (g). 

1 0. Apparatus according to any of Claims 1 to 9, where- 
in said scintillation detector comprises a bismuth 
germanate detector, or comprises a material using 
other than a high density scintil lation material for the 
detector. 



Patentanspruche 

1 . Gerat zum Messen von Gammaspektren in verrohr- 
tem Bohrloch, bestehend aus: 

a) einer elektronischen Quelle (28) monogene- 
tischer schneller Neutronen zur Ausstrahlung 
in Pulsform, die Bohrlochflussigkeit (11), die 
Verrohrung (30) und deren zementosen Mantel 
durchdringen und in die Erdformationen im 
Bohrlochbereich eindringen, wo sie durch ther- 
mische Energie modifiziert und durch die Atom- 
kerne der in und um das Bohrloch befindlichen 
Elemente aufgefangen werden; 

b) einem hochdichten Scintillationszahler (27), 
der optisch mit einem Photomultiplikator ver- 
bunden ist und der zum Erkennen von Gamma- 
strahlung ausgef uhrt ist, die durch die erwahn- 
ten Neutronen induziert wird und Stromaus- 
gangssignale erzeugt, deren Hone die Gam- 
maenergie darstellt, die auf den hochdichten 
Scintillator auftrifft; 

c) einer Auswertungsvorrichtung fur Pulshohen 
(26), die mit dem Ausgang des erwahnten Sci- 
ntillationszahlers und dem Photomultiplikator 
verbunden ist und dem Trennen des Gamma- 
energiespektrums der auftreffenden Gamma- 
strahlen in Energiekomponenten unddemZah- 
len der erwahnten Energiekomponenten als 
Funktion der Energie dient; 

d) einer Zeitgebervorrichtung (23) zum Erzeu- 
gen von Zeitgattern, mit denen schnelle durch 
Neutronen induzierte Gammastrahlen, thermi- 
sche Neutronen-Einfang-Gammastrahlen und 
Hintergrund-Gammastrahlen vor ihrer Presen- 
tation am erwahnten Impulshohenanalysator 
separiert werden; und 

e) einer Verstarkungssteuerung (25), die den 
Eisenrand des thermischen Neutronen-Ein- 
fang-Gammaspektrums zur Verstarkungssta- 
bilisierung des erwahnten Photomultiplikator- 
ausgangs benutzt, um auf diese Weise den 
Verstarkungswert zu etablieren, der auf alle ge- 
messenen unelastischen Einfang- und Hinter- 
grundspektren angesetzt wird. 

2. Ein Gerat nach Anspruch 1 , inklusive einer Vorrich- 
tung zum Erzeugen von Gammastrahlungs-Ener- 
giespektren der durch unelastische Streuung indu- 



zierten Gammastrahlung wahrend des Pulsierens 
schneller Neutronen. 

3. Ein Gerat nach Anspruch 2, bei dem die erwahnte 
5 Erzeugungsvorrichtung so ausgefuhrt ist, daG die 

unelastischen Gammaspektren in Energiekompo- 
nenten aufgeteilt werden und die unelastische 
Gammastrahlung dargestellt wird, die durch Kohle, 
Sauerstoff, Silikon und Kalzium erzeugt wird. 

10 

4. Ein Gerat nach Anspruch 3, bei dem die thermi- 
schen Neutronen-Einfang-Gammaspektren der 
durch den Einfang erwarmter schneller Neutronen 
induzierten Gammastrahlung durch das stille Inter- 
ns vail zwischen den erwahnten Neutronenimpulsen 

festgestellt werden. 

5. Ein Gerat nach Anspruch 4, bei dem die erwahnten 
thermischen Neutronen-Einfang-Gammaspektren 

20 in Energiekomponenten unterteilt werden, die Ein- 

fang-Gammastrahlen aus Wasserstoff, Silikon, Kal- 
zium, Chlor, Potassium, Schwefel, Titan und Eisen 
darstellen. 

25 6. Ein Gerat nach Anspruch 5, bei dem die erwahnte 
Verstarkungssteuerung (25) aus folgendem be- 
steht: einem zum Regeln der Verstarkung des er- 
wahnten Photomultiplikators prog ram mierten Mi- 
kroprozessor, wobei die Verstarkung auf einem Ver- 
so haltnis der Zahlraten in zwei Energiefenstern be- 
ruht, die die 7,65 MEV Eisen (Fe)-Spitze uberspan- 
nen. 

7. Ein Gerat nach Anspruch 6, bei dem der erwahnte 
35 Mikroprozessor zum Beibehalten des erwahnten 
Zahlratenverhaltnisses in den zwei Energiefenstern 
r programmiert ist, die als festgelegte Konstante die 

7,65 MEV Eisenspitze uberspannen. 

40 8. Ein Gerat nach einem der AnsprOche 1 bis 7, weiter 
bestehend aus: 

f) einer Vorrichtung zum Erzeugen von Zeitgat- 
tern in derstillen Zeit zwischen den Neutronen- 

45 stolen in einer Reihenfolge von mindestens 

vier solcher Gatter, um eine Folge von Zah- 
lungsraten zu erzeugen, die das Absterben der 
Besetzung der thermischen Neutronen, die von 
den schnellen Neutronenimpulsen erzeugt 

50 wurden, darstellen, wobei das erwahnte Gerat 

vorzugsweise folgendes beinhaltet; 

g) eine Vorrichtung zum Erzeugen von Zeitgat- 
tern in der stillen Zeit zwischen Neutronensto- 
Gen und Trennen aus der erwahnten Folge von 

55 wenigstens vier solcher Gatter, um eine Zahl- 

rate zu erzeugen, die die Hintergrund-Gamma- 
strahlungszahlrate im Bohrloch darstellt. 
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9. Ein Gerat nach Anspruch 8, bei dem die unelasti- 
schen Gammaspektren, die Einfang-Gammaspek- 
tren und die Gatterzahlrate der thermischen Neu- 
tronenabsterbezeit durch die in Schritt (g) gemes- 
senen Zahlraten bezuglich des Hintergrunds korri- s 
giert werden. 

10. Ein Gerat nach einem der Anspruche 1 bis 9, bei 
dem der Scintillationszahler einen Wismut-Germa- 
natdetektor oder einen anderen Detektor enthalt, 10 
der nicht aus hochdichtem Scintillationsstoff be- 
steht. 



2. Un dispositif selon la revendication 1, qui inclut un 
moyen de production de spectres d'energie des 
rayons gamma de rayonnements gamma induits 
par diffusion inelastique pendant les dites impul- 
sions de neutrons rapides. 

3. Un dispositif selon la revendication 2, dans lequel 
ledit moyen de production est configure pour diviser 
les spectres de rayons gamma inelastiques en com- 
posantes energetiques representatives de rayon- 
nements gamma inelastiques produits par le carbo- 
ne, I'oxygene, le silicium et le calcium. 



Revendications 

1 . Un dispositif pour mesurer des spectres de rayons 
gamma dans un puits cuvele, ce dispositif compor- 
tant: 

a) une source electronique (28) de neutrons ra- 
pides monoenergetiques emis par impulsions 
pour traverser le fluide du puits (11 ), le cuvela- 
ge (30) et sa gaine en ciment, et pour penetrer 
dans les formations souterraines au voisinage 
du puits, pour etre moderes jusqu'a une energie 
thermique et captures par les noyaux des ele- 
ments presents dans le puits et au voisinage 
du puits. 

b) un scintillateur a haute densite (27), couple 
optiquement a un photomultiplicateur, pour de- 
tecter les rayons gamma induits par les dits 
neutrons et pour produire des impulsion elec- 
triques de sortie dont I'amplitude est represen- 
tative de i'energie d'un rayon gamma incident 
qui frappe ledit scintillateur a haute densite; 

c) un analyseur d'amplitude d'impulsions (26) 
connecte a la sortie du dit scintillateur et du dit 
photomultiplicateur pour separer le spectre 
d'energie des rayons gamma incidents en com- 
posantes energetiques et pour compter lesdi- 
tes composantes energetiques en fonction de 
I'energie; 

d) un dispositif de temporisation (23) pour ge- 
nerer des portes temporelles pour separer 
dans le temps les rayons gamma induits par les 
neutrons rapides, les rayons gamma de captu- 
re de neutrons thermiques, et les rayons gam- 
ma ambiants avant leur presentation au dit ana- 
lyseur d'amplitude d'impulsions; et 

e) un dispositif de commande de gain (25) qui 
utilise le bord fer du spectre de rayons gamma 
de capture de neutrons thermiques pour stabi- 
liser le gain de la sortie du dit photomultiplica- 
teur, la valeur de gain ainsi obtenue etant ap- 
pliquee a tous les spectres inelastiques de cap- 
ture et de fond mesures. 



4. Un dispositif selon la revendication 3, dans lequel 
15 les spectres des rayonnements gamma de capture 

de neutrons thermiques induits par la capture de 
neutrons rapides thermaiises sont detectes pen- 
dant I'intervalle de repos qui survient entre les dites 
impulsions de neutrons. 

20 

5. Un dispositif selon la revendication 4, dans lequel 
les dits spectres de rayons gamma de capture de 
neutrons thermiques sont divises en composantes 
energetiques representatives des rayons gamma 

25 de capture emis par I'hydrogene, le silicium, le cal- 
cium, la chlore, le potassium, le soufre, le titane et 
le fer. 

6. Un dispositif selon la revendication 4, dans lequel 
30 ledit moyen de commande de gain (25) comporte 

un microprocesseur programme pour commander 
le gain du dit photomultiplicateur sur la base d'un 
rapport de taux de comptage dans deux fenetres 
d'energie qui chevauchent la crete de 7,65 MeV du 
35 fer (Fe). 

7. Un dispositif selon la revendication 6, dans lequel 
ledit microprocesseur est programme de maniere a 
maintenir a une valeur constante predeterminee le- 

40 dit rapport des taux de comptage dans les dites 
deux fenetres d'energie qui chevauchent la crete Fe 
de 7,65 MeV. 

8. Un dispositif selon Tunes quelconque des revendi- 
45 cations 1 a 7, qui inclut de plus: 

f) un moyen de generation de portes temporel- 
les pendant la periode de repos entre les salves 
de neutrons, en une sequence de quatre au 

50 moins des dites portes, pour generer une se- 

quence de taux de comptage representative de 
la decroissance de la population de neutrons 
thermiques produits par les dites impulsions de 
neutrons rapides, ledit dispositif incluant ega- 
55 lement de preference: 

g) un moyen de generation de portes temporel- 
les pendant la periode de repos entre les salves 
de neutrons, et de separation, de ladite se- 
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quence, d'un minimum de 4 de ces portes, pour 
generer un taux de comptage representatif du 
taux de comptage des rayons gamma ambiants 
a Tinterieur du puits. 

5 

9. Un dispositif selon la revendication 8, dans lequel 
I'erreur due aux rayonnements de fond au niveau 
des spectres de rayons gamma inelastiques, des 
spectres de rayons gamma de capture et des taux 

de comptage de decroissance des neutrons thermi- 10 
ques est corrigee par les taux de comptage mesu- 
res a la phase (g). 

10. Un dispositif selon I'unequelconque des revendica- 
tions 1 a 9, dans lequel ledit scintillateur comporte *5 
un detecteur au germanate de bismuth, ou compor- 
te un materiel qui utilise, pour la detection, une ma- 
tiere autre qu'un scintillateur a haute densite. 

20 
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